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© Sensing apparatus and method. 



© Sensing apparatus based on the use of Raman 
spectroscopy for detecting the presence and loca- 
tion of a species of interest in a medium comprises 
a light transmissive optical fibre (4) with an elongate 
sensing length along at least a portion thereof, a 
light source means (1) for transmitting pulses of light 
along the fibre, and a detector (6) for detecting at 
the same end of the fibre as the light source Raman 
signals resulting from species (c) of interest at the 
interface of the sensing length and a medium in 
which it is located. The time difference between the 
£j! transmission of an excitation pulse and detection of 
^ a Raman emission signal caused by that pulse is 
determined, and is used to determine the position of 
}P the species along the fibre. 
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SENSING APPARATUS AND METHOD 



The present invention relates to a sensing ap- 
paratus and method based on the use of Raman 
spectroscopy. 

Raman spectroscopy is well established tech- 
nique and the Raman spectra of a multitude of 
chemical elements and compounds are docu- 
mented in the literature. A sensing device which 
makes use of Raman spectroscopy to detect the 
presence of a particular species in a medium is 
disclosed in US Patent No. 4 781 458. This prior 
device comprises an optical fibre with a light trans- 
missive fibre optic core within a generally opaque 
cladding, save that over a portion of the fibre the 
cladding is removed and the exposed core has a 
coating of a metal. This metal is one which en- 
hances emission of Raman signals of substances 
adsorbed thereon. The apparatus further comprises 
a light source and a detector for detecting Raman 
signals. 

In use of this prior apparatus, that portion of 
the fibre optic core which is coated with the metal 
is placed in a medium (usually a liquid) in which it 
is desired to test for the presence of particular 
species. These species become adsorbed on the 
metal. Light is shone along the fibre and passes 
through the thin metal coating. The adsorbed spe- 
cies produce Raman signals which are emitted in 
all direction, some propagating along the fibre and 
being detected by the detector. The spectra ob- 
tained is characteristic of the adsorbed species, 
and the intensity of the spectra is indicative of the 
concentration of the species in the medium. 

According to a first aspect of the present in- 
vention there is provided sensing apparatus com- 
prising a light transmissrve optical fibre with an 
elongate sensing length along at least a portion 
thereof, a light source means for transmitting 
pulses of light along the fibre, a detector for detect- 
ing at the same end of the fibre as the light source 
Raman signals resulting from species of interest at 
the interface of the sensing length and a medium in 
which it is located, and means for determining the 
time difference between the transmission of an 
excitation pulse and detection of a Raman emission 
signal caused by that pulse, and means for deter- 
mining from said time difference the position along 
said fibre at which the species is present 

According to a second aspect of the present- 
invention there is provided a method of detecting 
the presence and location of a speci s of interest 
in a medium comprising providing in the medium a 
light transmissive optical fibre having an elongate 
sensing length along at least a portion thereof, 
transmitting along the fibre pulses of light of a 
frequency which produces Raman missions in 



said species at the interface of the medium and the 
sensing length, detecting said Raman emission at 
the same end of the fibre as the light source, 
determining the time difference between transmis- 

s slon of the excitation pulse and a Raman emission 
signal caused by that pulse, and determining from 
said time difference the positions of said species 
along the fibre. 

The term light as used herein covers infra-red 

70 and ultra-violet light as well as visible light The 
preferred optical sources for use in the invention 
are those providing light in the visible and near 
infra-red (eg. 650-950mm). The detector is pref r- 
ably a semi-conductor detector or photomultiplier. 

75 The sensing length of the fibre is that length of 

the optical fibre which is adapted for sensing the 
presence of the species of interest This sensing 
length may for example be unclad, have a cladding 
which specifically reacts with a species of interest 

20 (eg. a cladding which enhances emission of Raman 
signals from the species), or a cladding which is 
highly permeable to the species of interest 

The sensing length may, for example, be up- 
wards of several metres long and may be provided 

25 along a greater length of optical fibre, the remain- 
der of which is clad and serves purely for the 
transmission of light to and from the sensing length 
of the fibre. 

The positioning of the detector at the same nd 

30 of the optical fibre as the light source ensures that 
there will be a time interval between the launch of 
the excitation pulse into the fibre and the detection 
of a Raman signal "returned" along the fibre to the 
detector. Similarly, if the species of interest is at 

35 several locations along the sensing length of the 
fibre there will be a measurable time difference 
between the individual Raman signals arriving at 
the detector so that the position of each occurrence 
of the species along the sensing length may be 

4o determined. Furthermore, the concentration of each 
occurrence of the species may be calculated from 
the respective Raman signal. 

The detection and spatial resolution of the Ra- 
man signals may be by means of optical time 

45 domain ref lectometry technique. In this technique 
a short pulse of light from a narrow linewidth 
source such as laser, is launched into an optical 
fibre through an appropriate beam splitter. The light 
propagating along the fibre will be scattered, both 

so elastically (Rayleigh and Mie) and inelastically 
(Briilouin and Raman), and partially reflected at 
discontinuities such as fibre joints. Some of the 
scattered and reflected light will be captured by the 
optical fibre and will propagate towards the launch 
nd. The majority of the scattered light will origi- 
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nate from the core of the fibre but th re will also be 
a contribution arising from the light-matter inter- 
action with the surrounding medium as described 
below. A portion of this light will be reflected by the 
beam splitter towards a wavelength selective ele- 
ment which allows only the Raman signals of inter- 
est to reach one or more optical detectors. The 
distance along the fibre of the species generating 
the Raman signal can be determined by measuring 
the time delay between the launch pulse and return 
signal. A single pulse of light can thus interrogate 
the whole length of an optical fibre but due to the 
small magnitude of the return signal it is usual to 
data average the signal by adding results of many 
single shots. The time interval between excitation 
pulses should be such that Raman signals resulting 
from the previous excitation pulse will have been 
detected before the next excitation pulse is laun- 
ched. This time interval will be dependent on the 
length of the optical fibre. However, the pulsing will 
generally be at a maximum frequency of 50 kHz. 

Light propagating in the core of an optical fibre 
will give rise to a disturbance, termed the evanes- 
cent wave, in the vicinity of the core boundary. 
Interaction of this evanescent wave with the me- 
dium can give rise to a Raman scattered signal a 
portion of which will be intercepted and captured 
by the core and guided along the optical fibre. 
Frequency separations of the Raman lines from the 
excitation line for a large number of compounds 
are well known and can be used uniquely to iden- 
tify species giving rise to this inelastic scattering. In 
general the frequency separations of these lines 
are considerably larger than those generated by 
the material used for the core of the optical fibre. 
Generally, the Raman signals from species of inter- 
est will be greater than about 1600 cm*" 1 and are 
readily distinguished from signals originating in the 
fibre itself (which may for example be ca 400 
cm" 1 ). The invention may for example be used for 
the detection of ammonia, chlorine, carbon monox- 
ide, and cyanide compounds. 

The use of near-infra-red light sources will 
have the following consequences: 

- absence of fluorescence signal for the core ma- 
terial which can mask the Raman signals from the 
cladding/environment; 

- evanescent wave will extend further away from 
the core in accordance with theory; 

- greater wavelength separation between the Ra- 
man and excitation wavelengths, thus reducing the 
demands on the wavelength discrimination of the 
detection arrangement; 

- reduction in the intensity of Raman lines as 
predicted by theory; 

- reduced attenuation of the excitation light by the 
optica] fibre; 

- compact apparatus due to the small size and high 



efficiencies of the light sources; 
On the balance the use of the near-IR sources 
would be preferred since it would allow the use of 
simpler and lower wavelength loss selective sys- 

5 terns for the isolation of the desired Raman signals. 

Multiple detectors may be used to facilitate a 
simultaneous multi-element analysis of the sur- 
roundings of the optical fibre core. 

The intensity of the Raman signal can be 

io greatly enhanced by coating the light transmissions 
fibre with a thin metallic coating, eg. gold, silver or 
copper (surface enhanced Raman scattering). Sig- 
nal enhancement can also be achieved by select- 
ing the excitation wavelength of the fight source to 

75 be in the vicinity of an absorption band of the 
species of interest (resonant Raman technique). 
Alternatively, a chemical reaction between the spe- 
cial cladding material and the anylate; which results 
in changes in the Raman Spectrum of the cladding 

20 material, may be employed for detection purposes. 
Special claddings can be manufactured from either 
conventional materials incorporating appropriate 
reagents or special polymers. 

In one particular application of the invention, 

25 the optical fibre may be wound around the wall of a 
chemical reaction vessel and may serve not only to 
detect the existence of a leak but also its location 
along the length of the fibre (and hence its position 
in the vessel). 

30 Similarly, the optical fibre may be provided 

along the pipeline to detect the location of any 
leaks. A still further application of the invention is 
as in a fire detection system. The smoke from the 
fire includes various gases which may be detected 
35 by the Raman emissions and it is thus possible 
using the sensor of the invention to detect the 
location of the smoke (and hence the fire). 

The invention will be further described by way 
of example only with reference to the accompany- 
40 ing drawings, in which 

Rg. 1 represents one embodiment of apparatus 
in accordance with the invention for detecting a 
single component; 

Fig. 2 is a plot of log(i) vs t for Raman scatter- 

45 ing. 

In the sensing apparatus illustrated in Rg. 1 , a 
pulsed collimated light source 1 generates a beam 
(wavelength Xi) which is directed towards an op- 
tical element 2 which has a high reflectivity over a 

so small wavelength range around Xi. The beam is 
reflected by the optical element 2 towards focusing 
optics 3 (for maximising light throughput through 
the system) provided at one end of an optical fibre 
4. Over Its sensing length, the fibre 4 may be 

55 either unclad or have a cladding having a Raman 
Spectrum which changes in a known manner fol- 
lowing chemical reaction with a species of interest. 
In addition this fibre may have a coating which is 
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permeable to species which the sensing apparatus 
is int nded to detect 

Consider now that molecules of a compound C 
are present at the interface of the fibre 4 and the 
medium in which it is provided. Assume also that 5 
the compound C causes generation of a Raman 
signal at wavelength X RC . A portion of this signal 
will be propagated back toward the launch end of 
the fibre together with other scattered wavelengths, 
including Raylelgh scattering at the excitation io 
wavelength \i, and other scattered signals X m ,X R2 
... etc. 

This scattered signal returns to optical eiement 
2 through which it is transmitted with partial re- 
moval of the wavelength Xi. After passing through 75 
element 2, the signal passes to a filter 5 which 
allows only transmission of the wavelength X RC 
which is detected by a detector 6. It will be appre- 
ciated that the presence of compound C at several 
discrete locations along the sensing length of the 20 
fibre will result in corresponding signals being de- 
tected by the detector 8. The interval between 
excitation pulses from light source 1 is such that ail 
Raman signals caused by a particular excitation 
pulse -are received by the detector 6 before the 25 
next excitation pulse is emitted into the fibre. 

The system uses Optical Time Domain Reflec- 
tometry Technique for determining the position of 
compound C along the fibre 4. 

The coilimated pulsed light source 1 and de- 30 
tector 6 are each associated with a computer 7. 
Within the computer 7, the time of firing the light 
from source 1 is recorded together with the time at 
which the signal X RC is recorded by the detector 6. 
It is thus possible to compute the distance along 35 
the fibre 4 at which the compound C is present. 

The time dependence of the returned signals is 
illustrated in Figs. 2 which is a plot of log(l) vs t (ie. 
time) for Raman scattering giving a signal at 
wavelength Xr C . The value of ti is the time be- 40 
tween launch of the light pulse and the signal being 
received by the detector and is representative of 
the position of compound C along the fibre. The 
value of At is representative of the length of the 
fibre exposed to compound C and to the con- 45 
centration of the compound. The concentration of 
compound C in the surrounding medium M can be 
determined by comparing return signals due to C 
with that due to M. The peak at the extreme right 
of the graph is a portion of the Raman signal so 
collected by the fibre and reflected at the end of 
the fibre and is made up of (1) the signal due to 
high concentration at t, and (2) integrated signal 
due to possible low concentrations of compound C 
along other sections of the fibre. 55 

The invention has been specifically described 
with reference to the detection of a single com- 
pound C, but it will be appreciated that the detec- 



tion system may be adapted for multi-component 
detection. 

Relative concentrations of multi-compound mix- 
tures can be determined by comparing signals due 
to each compound Ci , C2, C a ,....C n with that arising 
from the major constituent (eg. diluant or solvent). 
Such a comparison wiil also reduce uncertainties 
arising from possible localised light losses from the 
optical fibre when subjected to environmental con- 
ditions outside its normal operational region (eg. 
severe stress due to tight bends). 



Claims ( « 

1 . Sensing apparatus comprising a light transmis- 
sive optical fibre with an elongate sensing length 
along at least a portion thereof, a light source 
means for transmitting pulses of light along the 
fibre, a detector for detecting at the same end of 
the fibre as the light source Raman signals result- 
ing from species of interest at the interface of the 
sensing length and a medium in which it is located, 
and means for determining the time difference be- 
tween the transmission of an excitation pulse and 
detection of a Raman emission signal caused by 
that pulse, and means for determining from said 
time difference the position along said fibre at 
which the species is present 

2. Sensing apparatus as claimed in claim 1 wherein 
the light source means is a narrow Bne width laser. 

3. Sensing apparatus as claimed in claim 1 or 2 
wherein the light source means provides light in 
the near-infra red region of the spectrum, 

4. Sensing apparatus as claimed in any one of 
claims 1 to 3 wherein the detector is a semi- 
conductor detector or a photomultiplier. 

5. Sensing apparatus as claimed in any one of 
claims 1 to 4 wherein over its sensing length the 
optical fibre is unclad. 

6. Sensing apparatus as claimed in any one of % 
claims 1 to 4 wherein over its sensing length the H * 
optical fibre has a cladding which undergoes and 
interaction with the species of interest resulting in a 
known change in the Raman Spectrum of the clad- 
ding. 

7. A method of detecting the presence and location 
of a species of interest in a medium comprising 
providing in the medium a light transmlssive optical 
fibre having an elongate sensing length along at 
least a portion thereof, transmission along the fibre 
pulses of light of a frequency which produces Ra- 
man emissions in said species at the interface of 
the medium and the sensing length, detecting said 
Raman emission at the same end of the fibre as 
the light source, determining the time difference 
between transmission of the excitation pulse and a 
Raman emission signal caused by that pulse, and 
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determining from said time difference the positions 
of said species along the fibre. 
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